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Key Messages:

* Ecosystem processes, such as those that control growth and decomposition,
have been affected by climate change.

Large-scale shifts have occurred in the ranges of species, the timing of the

seasons, and animal migration; further such changes are projected.

Fires, insect pests, disease pathogens, and invasive weed species have

increased; more such increases are projected.
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The natural functioning of the environment pro-
vides both goods—such as food and other products
that are bought and sold—and services on which
our society depends. For example, ecosystems store
carbon in plants, animals, and soils; they regulate
water flow and water quality; and they stabilize
local climates. These services are not assigned a
financial value, but society nonetheless depends on
them. Ecosystem processes are the underpinning
of these services: photosynthesis, the process by
which plants capture carbon dioxide from the atmo-
sphere and create new growth; the plant and soil
processes that recycle nutrients from decomposing
matter and maintain soil fertility; and the processes
by which plants draw water from soils and return
water to the atmosphere. These ecosystem process-
es are affected by climate and by the concentration
of carbon dioxide in the atmosphere.!

o]

change.

The diversity of living things (biodiversity) in eco-
systems is itself an important resource that main-
tains the ability of these systems to provide the
services upon which society depends. Many factors
affect biodiversity including: climatic conditions;
the influences of competitors, predators, parasites,
and disease; disturbances such as fire; and other
physical factors. Human-induced climate change,

Deserts and drylands are projected to become hotter and drier, feeding a self-
reinforcing cycle of invasive plants, fire, and erosion.

Coastal and near-coastal ecosystems, including wetlands and coral reefs, are
especially vulnerable to the impacts of climate change.

Arctic sea-ice ecosystems are extremely vulnerable to warming.

Mountain species and cold-water fish, such as salmon and trout, are
particularly sensitive to climate change impacts.

Some of the services ecosystems provide to society will be altered by climate

in conjunction with other stresses, is exerting major
influences on natural environments and biodiver-
sity, and these influences are generally expected to
grow with increased warming.'

Ecosystem processes, such as those that
control growth and decomposition, have
been affected by climate change.

Climate has a strong influence on the processes
that control growth and development in ecosys-
tems. Temperature increases generally speed up
plant growth, rates of decomposition, and how
rapidly the cycling of nutrients occurs, though
other factors, such as whether sufficient water is
available, also influence these rates. The grow-
ing season is lengthening as higher temperatures
occur earlier in the spring. Forest growth has risen
over the past several decades as a consequence of a
number of factors—young forests reaching matu-
rity, an increased concentration of carbon dioxide
in the atmosphere, a longer growing season, and
increased deposition of nitrogen from the atmo-
sphere. Based on the current understanding, the
individual effects are difficult to disentangle.?
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A higher atmospheric carbon dioxide concentra-
tion causes trees and other plants to capture more
carbon from the atmosphere, but experiments show
that trees put much of this extra carbon into fine
roots and twigs, rather than producing new wood.
The effect of carbon dioxide in increasing growth
thus seems to be relatively modest, and generally is
seen most strongly in young forests on fertile soils
where there is also sufficient water to sustain this
growth. In the future, as atmospheric carbon diox-
ide continues to rise, and as climate continues to
change, forest growth in some regions is projected
to increase, especially in relatively young forests on
fertile soils.?

Forest productivity is thus projected to increase in
much of the East, while it is projected to decrease
in much of the West where water is scarce and
projected to become more so. Wherever droughts
increase, forest productivity will decrease and tree
death will increase. In addition to occurring in
much of the West, these conditions are projected
to occur in Alaska and in the eastern part of the
Southeast.?

Large-scale shifts have occurred in the
ranges of species, the timing of the
seasons, and animal migration; further
such changes are projected.

Climate change already is having impacts on ani-
mal and plant species throughout the United States.
Some of the most obvious changes are related to the
timing of the seasons: when plants bud in spring,
when birds and other animals migrate, and so on.
In the United States, spring now arrives an aver-
age of 10 days to two weeks earlier than it did 20
years ago. The growing season is lengthening over
much of the continental United States. Many migra-
tory bird species are arriving earlier. For example,
a study of northeastern birds that migrate long
distances found that birds wintering in the south-
ern United States now arrive back in the Northeast
an average of 13 days earlier than they did during
the first half of the last century. Birds wintering

in South America arrive back in the Northeast an
average of four days earlier.!

Global Climate Change Impacts in the United States

Butterfly Range Shifts Northward

|
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As climate warms, many species in the United
States are shifting their ranges northward and to
higher elevations. The map shows the response
of Edith’s checkerspot butterfly populations to
a warming climate over the past 136 years in the
American West. Over 70 percent of the south-
ernmost populations (shown in yellow) have gone
extinct. The northernmost populations and those
above 8,000 feet elevation in the cooler climate of
California’s Sierra Nevada (shown in green) are still
thriving. These differences in numbers of popula-
tion extinctions across the geographic range of
the butterfly have resulted in the average location
shifting northward and to higher elevations over
the past century, illustrating how climate change is
altering the ranges of many species. Because their
change in range is slow, most species are not ex-
pected to be able to keep up with the rapid climate
change projected in the coming decades.?

Another major change is in the geographic distribu-
tion of species. The ranges of many species in the
United States have shifted northward and upward
in elevation. For example, the ranges of many but-
terfly species have expanded northward, contracted
at the southern edge, and shifted to higher eleva-
tions as warming has continued. A study of Edith’s
checkerspot butterfly showed that 40 percent of the
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Ll ers are projected to contract, such as maple-beech- R1
L2 birch. Still others, such as spruce-fir, are likely to R2
L3 disappear from the United States altogether.? R3
L4 R4
L5 In Alaska, vegetation changes are already un- R5
L6 ath =) derway due to warming. The tree line is shifting R6
L7 ". 4 "» ;‘ northward into tundra, encroaching on the habitat R7
L8 . () for many migratory birds and land animals such as RS
L9 caribou that depend on the open tundra landscape.* R9
L10 R10
L1l Marine species shifts and effects on fisheries R11
LI2 Edich's checkerspot butterfly. The distribution of marine fish and plankton are RI2
LI3 predominantly determined by climate, so it is not RI3
L14  populations below 2,400 feet have gone extinct, surprising that marine species in U.S. waters are R4
LI5  despite the availability of suitable habitat and food moving northward and that the timing of plankton RI5
L16 supply. The checkerspot’s most southern popula- blooms is shifting. Extensive shifts in the ranges R16
L17  tions also have gone extinct, while new populations and distributions of both warm- and cold-water spe- R17
LI8  have been established north of the previous north- cies of fish have been documented.! For example, in R18
[19  ern boundary for the species.! the waters around Alaska, climate change already RI19
120 is causing significant alterations in marine ecosys- R20
L21  For butterflies, birds, and other species, one of the tems with important implications for fisheries and R21
122 concerns with such changes in geographic range the people who depend on them (see Alaska region). R22
123 and timing of migration is the potential for mis- R23
[24  matches between species and the resources they In the Pacific, climate change is expected to cause R24
[25  need to survive. The rapidly changing landscape, an eastward shift in the location of tuna stocks.’ R25
126 such as new highways and expanding urban areas, It is clear that such shifts are related to climate, R26
[27  can create barriers that limit habitat and increase including natural modes of climate variability such
128 species loss. Failure of synchronicity between as the cycles of El Nifio and La Nifia. However, it is
[29  butterflies and the resources they need led to local unclear how these modes of ocean variability will
[30  population extinctions of the checkerspot butterfly change as global climate continues to change, and
[31  during extreme drought and low- R3I
132 snowpack years in California.' R32
3 Projected Shifts in Forest Types RR
L34 Tree species shifts Current Projected R34
135  Forest tree species also are 1960-1990 2070-2100 R35
[36  expected to shift their ranges R36
137 northward and upslope in R37
[38  response to climate change, R38
139 although specific quantitative R39
L40  predictions are very difficult to R40
L4l make because of the complica- R4l
42 tions of human land use and R42
[43  many other factors. This would B wratee st e R43
[44  result in major changes in the E oot e R44
145  character of U.S. forests and the IIT';;."."""“"" R45
146 types of forests that will be most B Bt RA46
147 prevalent in different regions. In W St umce [ e NAST ¢ R47
148 the United States, some common The maps show current and projected forest types. Major changes are projected for many R48
1,49 forests types are projected to ex- regic?ns. Fc?r examplfe, in'the Northeast, maple-beech-birch forest type, which is curre'ntly R49
; dominant in the region, is projected to be completely displaced by other forest types in a
50 pand, such as oak-hickory; oth- e urel R50
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therefore it is very difficult to predict quantitatively
how marine fish and plankton species’ distributions
might shift as a function of climate change.!

Breaking up of existing ecosystems

As warming drives changes in timing and geo-
graphic ranges for various species, it is important to
note that entire communities of species do not shift
intact. Rather, the range and timing of each spe-
cies shifts in response to its sensitivity to climate
change, its mobility, its lifespan, and the availabil-
ity of the resources it needs (such as soil, moisture,
food, and shelter). The ranges of animals can gener-
ally shift much faster than those of plants, and large
migratory animals can move faster than small ones.
In addition, migratory pathways must be available,
such as northward flowing rivers which serve as
conduits for fish. Some migratory pathways might

Global Climate Change Impacts in the United States

be blocked by development. All of these variations
result in the break-up of existing ecosystems and for-
mation of new ones, with unknown consequences.’

Fires, insect pests, disease pathogens,
and invasive weed species have increased;
more such increases are projected.

Forest fires

In the western United States, both the frequency of
large wildfires and the length of the fire season have
increased substantially in recent decades, due to
earlier spring snowmelt and high spring and sum-
mer temperatures. These changes in climate have
reduced the availability of moisture, drying out the
vegetation that provides the fuel for fires. Alaska
also has experienced large increases in fire, with the

Interacting Stresses: Lessons Learned from Bark Beetle Infestations

82

An example of complex interactions between changes in climate and other factors is that of insect
infestations that are reaching levels that seriously damage the health of forests and cause significant
economic losses. While large, periodic outbreaks of insects are a natural part of many U.S. forests,
these phenomena are taking on new dimensions, and have grown substantially in both extent

and severity due to several interacting causes, including long-term changes in climate. A prime
example is the mountain pine bark beetle, a native species in mid-elevation lodgepole pine forests
throughout the West. Its periodic outbreaks are important features of the overall life cycle of these
ecosystems, opening up the canopy for regeneration of seedlings. But throughout the West, there
are now three concurrent trends that have affected the way in which the bark beetle interacts with

the forest.

Many stands of trees are composed of relatively even-aged trees, most of which are large, mature,
and already past their period of rapid growth. This is a consequence of land-use history, specifically
the history of logging throughout the region going back to the late 1800s. Trees of this age and size
are highly favored by the beetles as hosts, rather than young, rapidly growing trees.

Summers have warmed throughout the region, and there have been increasing periods of drought.
The water stress experienced by the trees, both from the direct effects of higher temperatures and
indirectly through earlier snowmelt and reduced availability of water later in the year, is known to
increase the susceptibility of the trees to insect attack.

Winter temperatures also have increased, permitting a much higher fraction of the insect larvae to
survive the winter. Larvae of the beetle over-winter under the bark of the lodgepole pine. To kill
them off, temperatures must drop to at least -40°F for several days in order to reduce the numbers
of emerging insects the following spring. However, such extremely cold temperatures have become
much less frequent in recent decades throughout the mountain West, and as a result, many more

insect larvae live through the winter.
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U.S. Wildfire Size

area burned more than doubling in re-

cent decades. As in the western United 140
States, higher air temperature is a key 120 A
factor. In Alaska, for example, June air < | 5-year average | :
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Insect pests are economically important 8 E
stresses on forest ecosystems in the 201
United States. Coupled with pathogens,
. . . 0
they cost $1‘§ billion in damages' per 1960 1965 1970 1975 1980 1985 1990 1995 2000 2005
year. Forest insect pests are sensitive Year
. . . . . . . 8
to climatic variations in many stages National Interagency Fire Center
of their lives. Changes in climate have Data on wildland fires in the United States show that the number of acres burned

contributed significantly to several per fire has increased sharply since the 1960s.

The net result of these interacting factors is that mountain pine bark beetles have infested and killed lodgepole
pines in historically unprecedented numbers and in overall area affected. Mortality of affected lodgepole pine
stands has approached 90 percent of the trees. There is now evidence that the spread of the beetles has
crossed the Continental Divide, which was previously thought to be a natural barrier to their dispersal, but
now appears to have been overwhelmed by the insects’ sheer numbers. There is even evidence in Canada that
the beetles have begun attacking another host species, jack pine, which is one of the characteristic conifers of
the southern boreal forest, the range of which extends to the Atlantic Ocean.’

Just as the causes of these massive pine bark beetle infestations have multiple dimensions, so do the
consequences. There are obvious physical consequences to the ecosystems. The massive, nearly synchronous
death of trees increases fire risk while the dried needles are still on the trees. Even if fire does not immediately
result, once the needles drop, there are significant
changes in the amount of solar energy that reaches
the surface and heats the soil. There are also large
changes in the amount of water intercepted and held
in the forest ecosystem. In addition, large areas of
forest that were once suitable habitat for wildlife are
no longer suitable, potentially leading to significant
changes in local species.

Such damage to forests also has social and economic
consequences for many communities in the West.
These forests are economically valuable for timber
and pulp, and damage from beetle infestations has had
serious negative economic consequences for both
forest product companies and the local communities
that depend on forest resources for employment and
income.
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major insect pest outbreaks in the United States
and Canada over the past several decades. The
mountain pine bark beetle has infested lodgepole
pine in British Columbia. Over 33 million acres of
forest have been affected, by far the largest such
outbreak in recorded history. Another 1.5 million
acres have been infested by pine bark beetle in
Colorado. Spruce bark beetle has affected more
than 2.5 million acres in Alaska (see Alaska region)
and western Canada. The combination of drought
and high temperatures also has led to serious insect
infestations and death of pinyon pine in the South-
west, and to various insect pest attacks throughout
the forests of the eastern United States.>

Rising temperatures increase insect outbreaks in a
number of ways. First, warmer winters allow larger
populations of insects to survive the cold season
that normally limits their numbers. Second, the
longer warm season allows them to develop faster,
sometimes completing two life cycles instead of
one in a single growing season. Third, warmer con-
ditions help expand their ranges northward. And
fourth, drought stress reduces trees’ ability to resist
insect attack (for example, by pushing back against
boring insects with the pressure of their sap).
Spruce beetle, pine beetle, spruce budworm, and
woolly adelgid (which attacks eastern hemlocks)
are just some of the insects that are proliferating

in the United States, causing devastation in many
forests. These outbreaks are projected to increase
with ongoing warming. Trees killed by insects also
provide more dry fuel for wildfires.!>1°

Disease pathogens and their carriers

One consequence of a longer, warmer growing sea-
son and less extreme cold in winter is that opportu-
nities are created for many insect pests and disease
pathogens to flourish. Accumulating evidence
links the spread of disease pathogens to a warming
climate. For example, a recent study showed that
widespread amphibian extinctions in the mountains
of Costa Rica are linked to changes in climatic
conditions, although the precise mechanisms are
still being studied."!!

Diseases that affect wildlife and the living things
that carry these diseases have been expanding their
geographic ranges as climate heats up. Depending
on their specific adaptations to current climate,

Global Climate Change Impacts in the United States

many parasites, and the insects, spiders, and
scorpions that carry and transmit diseases, die

or fail to develop below threshold temperatures.
Therefore, as temperatures rise, more of these
disease-carrying creatures survive. For some
species, rates of reproduction, population growth,
and biting, tend to increase with increasing
temperatures, up to a limit. Some parasites’
development rates and infectivity periods also
increase with temperature.!

An analysis of diseases among marine species
found that diseases were increasing for mammals,
corals, turtles, and mollusks, while no trends were
detected for sharks, rays, crabs, and shrimp.!

Invasive plants

Problems involving invasive plant species arise
from a mix of human-induced changes, including
disturbance of the land surface (such as through
over-grazing or clearing natural vegetation for
development), deliberate or accidental transport of
non-native species, the increase in available nitro-
gen through over-fertilization of crops, and the ris-
ing carbon dioxide concentration and the resulting
climate change.”? Human-induced climate change
is not generally the initiating factor, nor the most
important one, but it is an increasingly important
part of the mix.

The increasing carbon dioxide concentration stimu-
lates the growth of most plant species, and some
invasive plants respond with greater growth rates
than non-invasive plants. Beyond this, invasive
plants appear to better tolerate a wider range of en-
vironmental conditions and might be more success-
ful in a warming world because they can migrate
and establish themselves in new sites more rapidly
than native plants.' They are also not usually de-
pendent on external pollinators or seed dispersers
to reproduce. For all of these reasons, invasive plant
species present a growing problem that is extremely
difficult to control once unleashed.!
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Deserts and dry lands are
projected to become hotter and
drier, feeding a self-reinforcing
cycle of invasive plants, fire, and
erosion.

The arid region of the Southwest is pro-
jected to become drier in this century.
There is emerging evidence that these
changes are already underway. Deserts
in the United States also are projected to
expand to the north, east, and upward in
elevation in response to projected warm-
ing and associated changes in climate.

Increased drying in the region contributes

to a variety of changes that exacerbate a

cycle of desertification. Increased drought
conditions cause perennial plants to die

due to water stress and increased susceptibility
to plant diseases. At the same time, non-native
grasses have invaded the region. As these grasses
increase in abundance, they provide more fuel

for fires, causing fire frequency to increase in a
self-reinforcing manner that leads to further losses
of vegetation. When it does rain, the rain tends to
come in heavy downpours, and since there is less
vegetation to protect the soil, water erosion in-
creases. Higher air temperatures and decreased soil
moisture reduce soil stability, further exacerbating
erosion. And with a growing population needing
water for urban uses, hydroelectric generation, and
agriculture, there is increasing pressure on moun-
tain water sources that would otherwise flow to
desert river areas.""?

The response of arid lands to climate change

also depends on how other factors interact with
climate at local scales. Large-scale, unregulated
livestock grazing in the late 1800s and early 1900s
in the Southwest is widely regarded as having
contributed to widespread desertification. Graz-
ing peaked around 1920 on public lands in the
West. By the 1970s, grazing had been reduced

by about 70 percent, but the arid lands have been
very slow to recover from the impacts of livestock
grazing. Warmer and drier climate conditions are
expected to slow recovery even more. In addition,
the land resource in the Southwest is currently
managed more for providing water for people than

Ecosystems

Desertification of Arid Grassland
near Tucson, Arizona

CCSP SAP 4.3
The photo series shows the progression from arid grassland to desert (desertifica-
tion) over a 100-year period. The change is the result of grazing management and
reduced rainfall in the Southwest.

for protecting the productivity of the landscape.
As aresult, the land resource is likely to be further
degraded and its recovery hampered.>

Coastal and near-coastal ecosystems,
including wetlands and coral reefs, are
especially vulnerable to the impacts of
climate change.

Coastal and near-shore marine ecosystems are vul-
nerable to a host of climate change related effects,
including increasing air and water temperatures,
ocean acidification, changes in runoff from the
land, sea-level rise, and altered currents. Some of
these changes already have led to coral bleaching,
shifts in species ranges, increased storm intensity
in some regions, dramatic reductions in sea ice
extent and thickness along the Alaskan coast", and
other significant changes to the nation’s coastlines
and marine ecosystems.!

The interface between land and sea is important,

as many species depend on it at some point in their
lives, including many endangered species. In addi-
tion, coastal areas buffer inland areas from the ef-
fects of wave action and storms."* Coastal wetlands,
intertidal areas, and other near-shore ecosystems
are subject to a variety of environmental stresses."
Sea-level rise, increased coastal storm intensity,
and rising temperatures contribute to increased
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vulnerability of coastal wetland ecosystems. It has
been estimated that 3 feet of sea-level rise (within
the range of projections for this century) would
inundate 65 percent of the coastal marshlands and
swamps in the contiguous United States.!® The
combination of sea-level rise, local land sinking,
and related factors already have resulted in substan-
tially higher relative sea-level rise along the Gulf of
Mexico and the Southeast Atlantic coast, more so
than farther north on the Atlantic Coast or on the
Pacific Coast." In Louisiana alone, more than one-
third of the coastal plain that existed a century ago
has since been lost,'> which is mostly due to local
land sinking."” Barrier islands also are being lost at
an increasing rate (see Southeast region), and they
are particularly important in protecting the coast-
line in some regions vulnerable to sea-level rise and
storm surge.

Coral Reefs

Coral reefs are very diverse ecosystems that sup-
port many other species by providing food and
habitat. In addition to their ecological value, coral
reefs provide billions of dollars in services includ-
ing tourism, fish breeding habitat, and protection
of coastlines. In addition to climate change related
stresses, corals in many places face a host of other
challenges related to human activities such as
poorly regulated tourism, destructive fishing, and
pollution.!

Corals are marine animals that host symbiotic algae
that help nourish them and give them their color.
When corals are stressed by increases in water tem-
peratures or ultraviolet light, they lose their algae
and turn white, a process called coral bleaching.

If the stress persists, the corals die. Intensities and
frequencies of bleaching events, clearly driven by
warming in surface water, have increased substan-
tially over the past 30 years, leading to the death

or severe damage of about one-third of the world’s
corals.!

The United States has extensive coral reef eco-
systems in the Caribbean, Atlantic, and Pacific
oceans. In 2005, the Caribbean Basin experienced
unprecedented water temperatures which resulted
in dramatic coral bleaching with some sites in the
U.S. Virgin Islands seeing 90 percent of the coral
bleached. Some corals began to recover when water

Global Climate Change Impacts in the United States

temperatures decreased, but later that year disease
appeared, striking the previously bleached and
weakened coral. To date, 50 percent of the corals

in Virgin Island National Park have died from the
bleaching and disease events. In the Florida Keys,
summer 2005 bleaching also was followed by dis-
ease in September.! Projections based on tempera-
ture increases alone suggest that within the next
several decades, 60 percent of the world’s corals are
likely to be severely damaged or destroyed.

But rising temperature is not the only stress coral
reefs face. As the carbon dioxide concentration in
the air increases, more carbon dioxide is absorbed
into the world’s oceans, leading to their acidifica-
tion. This makes less calcium carbonate available
for corals and other sea life to build their skeletons
and shells. If carbon dioxide concentrations contin-
ue to rise and the resulting acidification proceeds,
eventually, corals and other ocean organisms that
build calcium carbonate exoskeletons will not be
able to build these skeletons and shells at all. The
implications of such extreme changes in ocean
ecosystems are not clear, but there is now evidence
that in some ocean basins, such as along the North-
west coast, acidification is already occurring"'® (see
Coasts region).

Arctic sea-ice ecosystems are extremely
vulnerable to warming.

Perhaps most vulnerable of all to the impacts of
warming are Arctic ecosystems that rely on sea
ice, which is vanishing rapidly and is projected

to disappear entirely in summertime within this
century. Algae that bloom on the underside of the
sea ice form the base of a food web linking zoo-
plankton and fish to seals, whales, polar bears, and
people. As the sea ice disappears, so too do these
algae. The ice also provides a vital platform for
ice-dependent seals (such as the ringed seal) to give
birth, nurse their pups, and rest. Polar bears use the
ice as a platform from which to hunt their prey. The
walrus rests on the ice near the continental shelf
between its dives to eat clams and other shellfish.
As the ice edge retreats away from the shelves to
deeper areas, there will be no clams nearby.""”

2nd Public Review Draft, January 2009
Do Not Cite Or Quote



Ecosystems

The Bering Sea, off the west coast of Alaska,
produces our nation’s largest commercial fish
harvests as well as providing food for many
Native Alaskan people. Ultimately, the fish
populations (and animals including seabirds,
seals, walruses, and whales) depend on plankton
blooms regulated by the extent and location of
the ice edge in spring. As the sea ice continues to
decline, the location, timing, and species makup
of the blooms is changing. The spring melt of sea
ice in the Bering Sea has long provided mate-
rial that feeds the clams, shrimp, and other life
forms on the ocean floor that in turn provide
food for the walruses, gray whales, bearded seals,
eider ducks, and many fish. The earlier ice melt

About two-thirds of the world’s polar bears are projected to be gone
by the middle of this century. Alaska’s polar bears are projected to
be extinct in 75 years.

resulting from warming, however, leads to later
phytoplankton blooms that are largely consumed
by zooplankton near the sea surface, vastly decreas-
ing the amount of food reaching the living things
on the ocean floor. This will radically change the
makeup of the fish and other creatures, with signifi-
cant repercussions for commercial and subsistence
fishing.!

Ringed seals give birth in snow caves on the sea
ice, which protect the pups from extreme cold and
predators. Warming leads to earlier snow melt,
which causes the snow caves to collapse before the
pups are weaned. The small, exposed pups might
die of hypothermia or be vulnerable to predation
by arctic foxes, polar bears, gulls, and ravens.
Gulls and ravens are arriving in the Arctic earlier
as springs become warmer, increasing the birds’
potential to prey on the seal pups.!

Polar bears are the top predators of the sea ice
ecosystem. Because they prey primarily on ice-

> ‘,__4._ Q.-?‘—

Walruses, along with other animals that rely on sea ice, are
particularly vulnerable to rising temperatures in the Arctic.

associated seals, they are especially vulnerable

to the disappearance of sea ice. The rapid rate of
warming in Alaska and the rest of the Arctic in
recent decades is sharply reducing the snow cover
in which polar bears build dens and the sea ice they
use as foraging habitat. Female polar bears build
snow dens in which they hibernate for four to five
months each year and in which they give birth to
their cubs. Born weighing only about 1 pound, the
tiny cubs depend on the snow den for warmth. The
bear’s ability to catch seals depends on the presence
of sea ice. In that habitat, polar bears take advan-
tage of the fact that seals must surface to breathe
in limited openings in the ice cover. In the open
ocean, bears lack a hunting platform, seals are not
restricted in where they can surface, and success-
ful hunting is very rare. On shore, polar bears feed
little, if at all. About two-thirds of the world’s polar
bears are projected to be gone by the middle of this
century, and Alaska’s polar bears are projected to
be extinct within 75 years.!

Continued warming will inevitably entail major
changes in the sea ice ecosystem, to the point

that its viability is in jeopardy. Some species will
become extinct, while others might adapt to new
habitats. The chances of species surviving the cur-
rent changes might depend critically on the rate
of change. The current rates of change in the sea
ice ecosystem are very steep relative to the life
spans of animals including seals, walruses, and
polar bears, and as such, are a major threat to their
survival.!

2nd Public Review Draft, January 2009
Do Not Cite Or Quote

87




The U.S. Climate Change Science Program

Global Climate Change Impacts in the United States

LI Mountain species and cold-water 9,500 feet where R1
12 fish, such as salmon and trout, are the winter snows R2
L3 particularly sensitive to climate change are deep. Once the R3
L4 impacts. snow melts, the R4
L5 flowers form buds R5
L6 Animal and plant species that live in the mountains and prepare to R6
L7 are among those particularly sensitive to rapid bloom. But warm- R7
L3 climate change. They include animal species such er springs mean RS
L9 as the grizzly bear, bighorn sheep, pika, mountain that the snow melts R9
L10 goat, and wolverine. Major changes already have earlier, leaving the % nay RIO
L1l been observed in the pika as previously reported buds exposed to ) L Thaght "_. s R1l
L12 populations have disappeared entirely as climate frost. (The per- L -t !‘1‘ 1 RI2
LI13 has warmed over recent decades.! One reason centage of buds The pika, pictured above, is a small
. . . . mammal whose habitat is limited to
L4 mountain species are so vulnerable is that their that were frosted cold areas near the tops of moun- K14
L15 suitable habitats are being compressed as climatic has doubled over tains. As climate warms, little suitable ~ R15
L6 zones shift upward in elevation. Some species try the past decade.) habitat is left. Of 25 pika populations 16
L17 to shift uphill with the changing climate but there Frost does not kill ~ Studied in the Great Basin between
. : . the Rocky Mountains and the Sierra )
LI8 might be other constraints related to food, other the plants, but it Nevada, more than one-third have %1%
L19 species present, and other variables. In addition, as does make them gone extinct in recent decades.?’ RI19
120 species move up the mountains, those near the top unable to seed and R20
L21 simply run out of habitat.! reproduce, meaning there will be no next genera- R21
122 tion. Insects and other animal species depend on R22
L23 Fewer wildflowers are projected to grace the slopes the flowers for food, and other species depend on R23
124 of the Rocky Mountains as global warming causes those species, so the loss is likely to propagate R24
L25 earlier spring snowmelt. Larkspur, aspen fleabane, through the food chain.” R25
126 and aspen sunflower grow at an altitude of about R26
Shifts in tree species on mountains in New R27
. ; England, where temperatures have risen 2 to ~ R28
Forest Species Shift Upslope 4°F in the last 40 years, offer another exam- R29
ple. Some mountain tree species have shifted R30
uphill by 350 feet in the last 40 years. Tree R31
ke communities were relatively unchanged at R32
3,000 feot & low and high elevations, but in the transition = R33
% % zone in between (at about 2,600 feet eleva- 34
% B> tion) the changes have been dramatic. Cold- ~ R35
* E, v loving tree species declined from 43 to 18 36
) - percent, while warmer-loving trees increase R37
from 57 to 82 percent. Overall, the transition ~ R38
Vanishing boreal forest. zone has shifted about 350 feet uphill in just  R39
a few decades, a surprisingly rapid rate since =~ R40
these are trees that live for hundreds of years. R4l
One possibility is that as trees were damaged = R42
or killed by air pollution, it left an opportu- R43
S nity for the warming-induced transition to oc- R44
cur more quickly. These results indicate that ~ R45
the composition of high-elevation forests is R46
changing rapidly.* R47
2,600 feet R48
Beckage et al.22/Schematic adapted from |. Abundis R49
As climate warms, hardwood trees out-compete evergreen trees that are
L50 adapted to colder conditions. R0
88 2nd Public Review Draft, January 2009

Do Not Cite Or Quote



Cold-water fish

Salmon and other cold-water fish species in the
United States are at particular risk from warm-
ing. Salmon are under threat from a variety of
human activities, but global warming is a grow-
ing source of stress. Rising temperatures impact
salmon in several important ways. As precipitation
increasingly falls as rain rather than snow, it feeds
floods that wash away salmon eggs incubating in
the streambed. Warmer water leads eggs to hatch
earlier in the year, so the young are smaller and
more vulnerable to predators. Warmer conditions
increase the fish’s metabolism, taking energy away
from growth and forcing the fish to find more food,
but earlier hatching of eggs could put them out of
sync with the insects they eat. Earlier melting of
snow leaves rivers and streams warmer and shal-
lower in summer and fall. Diseases and parasites
tend to flourish in warmer water. Studies suggest
that up to 40 percent of Northwest salmon popula-
tions might be lost by 2050.%

Large declines in trout populations also are pro-
jected to occur around the United States. Over half
of the wild trout populations are likely to disappear
from the southern Appalachian Mountains because
of the effects of warming stream temperatures.
Losses of western trout populations might exceed
60 percent in certain regions. About 90 percent of
bull trout, which live in western rivers in some of
the country’s most wild places, are projected to be
lost due to warming. Pennsylvania is predicted to
lose 50 percent of its trout habitat in the coming
decades. Projected losses of trout habitat for some
warmer states, such as North Carolina and Virgin-
ia, are up to 90 percent.?*

Some of the services ecosystems
provide to society will be altered by
climate change.

Human well-being depends on the Earth’s ecosys-
tems and the services that they provide to sustain
and fulfill human life.” These services contribute
to human well-being by contributing to basic mate-
rial needs, physical and psychological health, se-
curity, and economic activity. A recent assessment
reported that of 24 vital ecosystem services, 15
were being degraded by human activity.'* Climate

Ecosystems

change is one of several human-induced stresses
that threaten to intensify and extend these adverse
impacts to biodiversity, ecosystems, and the ser-
vices they provide. A couple of examples follow.

Forests and carbon storage

Forests provide many services important to the
well-being of Americans: water quality, water
flow regulation, and watershed protection; wildlife
habitat and biodiversity conservation; recreational
opportunities and aesthetic and spiritual fulfill-
ment; raw materials for wood and paper products;
climate regulation, carbon storage, and air quality.
A changing climate will alter forests and the servic-
es they provide. Most of these changes are likely to
be detrimental.

For example, the carbon stored in forests in the
United States currently offsets about 20 percent of
our nation’s annual fossil fuel carbon emissions.
This carbon “sink” is an enormous service pro-
vided by forests and its persistence or growth will
be important to limiting the atmospheric carbon
dioxide concentration. The scale of the challenge
of increasing this sink is very large. To offset an
additional 10 percent of the U.S. emissions through
tree planting would require converting one-third of
current croplands to forests.?

Recreational opportunities

Tourism is one of the largest economic sectors in
the world, and it is also one of the fastest growing;*
the jobs created by recreational tourism provide
economic benefits not only to individuals but also
to communities. Slightly more than 90 percent of
the U.S. population participates in some form of
outdoor recreation, representing nearly 270 million
participants,”” and several billion days spent each
year in a wide variety of outdoor recreation activi-
ties.

Since much recreation and tourism occurs outside,
increased temperature and precipitation have a
direct effect on the enjoyment of these activities,
and on the desired number of visitor days and as-
sociated level of visitor spending as well as tourism
employment. Weather conditions are one of the four
most important factors influencing tourism visits.?®
In addition, much outdoor recreation and tourism
depends on the availability and quality of natural
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resources,” such as beaches, forests, wetlands,
snow, and wildlife, all of which will be affected by
climate change.

The length of the season for and desirability of sev
eral of the most popular activities—walking, visit-
ing a beach, lakeshore, or river, sightseeing, swim-
ming, and picnicking?—are likely to be enhanced
by small near-term increases in temperature.

Global Climate Change Impacts in the United States

However, larger increases in temperature over

the long term are likely to have adverse effects on
such activities, and result in sea-level rise that will
reduce publicly accessible beach areas while at
the same time, the demand for beach recreation to
escape the heat will be increasing. Other activities
are likely to be harmed by even small increases in
global warming, such as snow- and ice-dependent
activities including skiing, snowmobiling, and ice
fishing.

90

Adaptation: Can ecosystems be helped to adapt?

Adaptation options for unmanaged ecosystems and the services they provide have not been as well
studied as climate impacts or adaptation in managed systems (such as agriculture or water resources).
Recent work provides some guidance for managers of such ecosystems.’® Many existing management
practices for reducing already-known stresses, such as air pollution, can also be expected to reduce
stresses due to climate change. Establishing baselines for ecosystems and their services, identifying
thresholds, and monitoring for continued changes will be critical elements of any adaptation approach.
It will also be critical for mangers of ecosystems to collaborate closely, since the relevant research

is recent and somewhat limited, and there is significant opportunity to learn from each other’s

experiences.

Seven principles have been suggested to guide managers of unmanaged ecosystems:
I.  Protect key ecosystem features that provide the overall foundation for the continued functioning

and structure of ecosystems.

2. Reduce other human-caused stresses in order to minimize the likelihood of those stresses being

made worse by climate change.

3. Ensure that there is representation of a portfolio of ecosystems and important species so that
if climate change adversely affects one area, there are others that can serve as a reservoir from

which to recover.

4. Ensure that there are multiple examples of ecosystems, again to enhance the prospects of
recovery should one or more suffer adverse impacts.

5. Restore ecosystems that have been adversely affected, if possible.

6. Identify important refuge areas that might be relatively unaffected by climate change and that can

be preserved.

7. Consider relocating species to new locations where favorable climatic conditions will exist in the

future.

Each of these principles will require considerable research to establish its applicability and feasibility
in specific cases. Managers also need to be mindful that as the climate continues to change, so too will
ecosystems, and this may require management goals themselves to change over time.*°

2nd Public Review Draft, January 2009
Do Not Cite Or Quote

R1

R2

R3

R4

R5

R6

R7

RS

R9
R10
RI11
R12
RI3
R14
R15
R16
R17
RIS
R19
R20
R21
R22
R23
R24
R25
R26
R27
R28
R29
R30
R31
R32
R33
R34
R35
R36
R37
R38
R39
R40
R41
R42
R43
R44
R45
R46
R47
R48
R49
R50



